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§213.333 Automated vehicle-based in-
spection systems.

(a) A qualifying Track Geometry
Measurement System (TGMS) shall be
operated at the following frequency:

(1) For operations at a qualified cant
deficiency, E,, of more than 5 inches on
track Classes 1 through 5, at least
twice per calendar year with not less
than 120 days between inspections.

(2) For track Class 6, at least once
per calendar year with not less than 170
days between inspections. For oper-
ations at a qualified cant deficiency,
E,, of more than 5 inches on track
Class 6, at least twice per calendar year
with not less than 120 days between in-
spections.

(3) For track Class 7, at least twice
within any 120-day period with not less
than 25 days between inspections.

(4) For track Classes 8 and 9, at least
twice within any 60-day period with
not less than 12 days between inspec-
tions.

(b) A qualifying TGMS shall meet or
exceed minimum design requirements
which specify that—

(1) Track geometry measurements
shall be taken no more than 3 feet
away from the contact point of wheels
carrying a vertical load of no less than
10 kips per wheel, unless otherwise ap-
proved by FRA;

(2) Track geometry measurements
shall be taken and recorded on a dis-
tance-based sampling interval pref-
erably at 1 foot not exceeding 2 feet;
and

(3) Calibration procedures and param-
eters are assigned to the system which
assure that measured and recorded val-
ues accurately represent track condi-
tions. Track geometry measurements
recorded by the system shall not differ
on repeated runs at the same site at
the same speed more than 1/8 inch.

(c) A qualifying TGMS shall be capa-
ble of measuring and processing the
necessary track geometry parameters
to determine compliance with—
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(1) For operations at a qualified cant
deficiency, E,, of more than 5 inches on
track Classes 1 through b5: §213.53,
Track gage; §213.55(b), Track aline-
ment; §213.57, Curves; elevation and
speed limitations; §213.63, Track sur-
face; and §213.65, Combined track aline-
ment and surface deviations.

(2) For track Classes 6 through 9:
§213.323, Track gage; §213.327, Track
alinement; §213.329, Curves; elevation
and speed limitations; §213.331, Track
surface; and for operations at a cant
deficiency of more than 5 inches
§213.332, Combined track alinement and
surface deviations.

(d) A qualifying TGMS shall be capa-
ble of producing, within 24 hours of the
inspection, output reports that—

(1) Provide a continuous plot, on a
constant-distance axis, of all measured
track geometry parameters required in
paragraph (c¢) of this section;

(2) Provide an exception report con-
taining a systematic listing of all
track geometry conditions which con-
stitute an exception to the class of
track over the segment surveyed.

(e) The output reports required under
paragraph (c) of this section shall con-
tain sufficient location identification
information which enable field forces
to easily locate indicated exceptions.

(f) Following a track inspection per-
formed by a qualifying TGMS, the
track owner shall, within two days
after the inspection, field verify and in-
stitute remedial action for all excep-
tions to the class of track.

(g) The track owner or railroad shall
maintain for a period of one year fol-
lowing an inspection performed by a
qualifying TGMS, a copy of the plot
and the exception report for the track
segment involved, and additional
records which:

(1) Specify the date the inspection
was made and the track segment in-
volved; and

(2) Specify the location, remedial ac-
tion taken, and the date thereof, for all
listed exceptions to the class.
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(h) For track Classes 8 and 9, a quali-
fying Gage Restraint Measurement
System (GRMS) shall be operated at
least once per calendar year with at
least 170 days between inspections. The
lateral capacity of the track structure
shall not permit a Gage Widening Pro-
jection (GWP) greater than 0.5 inch.

(i) A GRMS shall meet or exceed
minimum design requirements speci-
fying that—

(1) Gage restraint shall be measured
between the heads of the rail:

(i) At an interval not exceeding 16
inches;

(ii) Under an applied vertical load of
no less than 10 kips per rail; and

(iii) Under an applied lateral load
that provides a lateral/vertical load

GWP =(LTG -UTG)x

Where—

UTG = Unloaded track gage measured by the
GRMS vehicle at a point no less than 10
feet from any lateral or vertical load ap-
plication.

LTG = Loaded track gage measured by the
GRMS vehicle at a point no more than 12
inches from the lateral load application.

L = Actual lateral load applied (Kips).

V = Actual vertical load applied (kips), or
static vertical wheel load if vertical load
is not measured.

GWP = Gage Widening Projection, which
means the measured gage widening,
which is the difference between loaded
and unloaded gage, at the applied loads,
projected to reference loads of 16 kips of
lateral force and 33 kips of vertical force.

(j) As further specified for the com-
bination of track class, cant defi-
ciencies, and vehicles subject to para-
graphs (j)(1) through (3) of this section,
a vehicle having dynamic response
characteristics that are representative
of other vehicles assigned to the serv-
ice shall be operated over the route at
the revenue speed profile. The vehicle
shall either be instrumented or
equipped with a portable device that
monitors onboard instrumentation on

WGRMS equipment using load combina-
tions developing L/V ratios that exceed 0.8
shall be operated with caution to protect
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ratio of between 0.5 and 1.25,10 and a

load severity greater than 3 kips but

less than 8 kips per rail. Load severity

is defined by the formula:

S=L-cV

Where—

S = Load severity, defined as the lateral load
applied to the fastener system (kKips).

L = Actual lateral load applied (kips).

¢ = Coefficient of friction between rail/tie,
which is assigned a nominal value of 0.4.

V = Actual vertical load applied (Kips), or
static vertical wheel load if vertical load
is not measured.

(2) The measured gage and load val-
ues shall be converted to a GWP as fol-
lows:

8.26
L—0.258xV

trains. Track personnel shall be noti-
fied when onboard accelerometers indi-
cate a possible track-related problem.
Testing shall be conducted at the fre-
quencies specified in paragraphs (j)(1)
through (3) of this section, unless oth-
erwise determined by FRA after re-
viewing the test data required by this
subpart.

(1) For operations at a qualified cant
deficiency, E,, of more than 5 inches on
track Classes 1 through 6, carbody ac-
celeration shall be monitored at least
once each calendar quarter with not
less than 25 days between inspections
on at least one passenger car of each
type that is assigned to the service;
and

(2) For operations at track Class 7
speeds, carbody and truck accelera-
tions shall be monitored at least twice
within any 60-day period with not less
than 12 days between inspections on at
least one passenger car of each type
that is assigned to the service; and

(3) For operations at track Class 8 or
9 speeds, carbody acceleration shall be
monitored at least four times within

against the risk of wheel climb by the test

wheelset.
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any 7-day period with not more than 3
days between inspections on at least
one non-passenger and one passenger
carrying vehicle of each type that is
assigned to the service, as appropriate.
Truck acceleration shall be monitored
at least twice within any 60-day period
with not less than 12 days between in-
spections on at least one passenger car-
rying vehicle of each type that is as-
signed to the service, as appropriate.

(k)(1) The instrumented vehicle or
the portable device, as required in
paragraph (j) of this section, shall mon-
itor lateral and vertical accelerations
of the carbody. The accelerometers
shall be attached to the carbody on or
under the floor of the vehicle, as near
the center of a truck as practicable.

(2) In addition, a device for meas-
uring lateral accelerations shall be
mounted on a truck frame at a longitu-
dinal location as close as practicable to
an axle’s centerline (either outside axle
for trucks containing more than 2
axles), or, if approved by FRA, at an al-
ternate location. After monitoring this
data for 2 years, or 1 million miles,
whichever occurs first, the track owner
or railroad may petition FRA for ex-
emption from this requirement.

(3) If any of the carbody lateral,
carbody vertical, or truck frame lat-
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eral acceleration safety limits in this
section’s table of vehicle/track inter-
action safety limits is exceeded, cor-
rective action shall be taken as nec-
essary. Track personnel shall be noti-
fied when the accelerometers indicate
a possible track-related problem.

(1) For track Classes 8 and 9, the
track owner or railroad shall submit a
report to FRA, once each calendar
year, which provides an analysis of the
monitoring data collected in accord-
ance with paragraphs (j) and (k) of this
section. Based on a review of the re-
port, FRA may require that an instru-
mented vehicle having dynamic re-
sponse characteristics that are rep-
resentative of other vehicles assigned
to the service be operated over the
track at the revenue speed profile. The
instrumented vehicle shall be equipped
to measure wheel/rail forces. If any of
the wheel/rail force limits in this sec-
tion’s table of vehicle/track interaction
safety limits is exceeded, appropriate
speed restrictions shall be applied until
corrective action is taken.

(m) The track owner or railroad shall
maintain a copy of the most recent ex-
ception records for the inspections re-
quired under paragraphs (j), (k), and (1)
of this section, as appropriate.
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Vehicle/Track Interaction Safety Limits

Wheel-Rail Forces '

Parameter

Safety Limit

Filter/
Window

Requirements

Single Wheel
Vertical Load
Ratio

>0.15

5ft

No wheel of the vehicle shall be
permitted to unload to less than 15
percent of the static vertical wheel load
for 5 or more continuous feet. The static
vertical wheel load is defined as the load
that the wheel would carry when
stationary on level track.

Single Wheel
L/V Ratio

< tan(8) — 0.5

~ 1+ 0.5tan(d)

5ft

The ratio of the lateral force that any
wheel exerts on an individual rail to the
vertical force exerted by the same wheel
on the rail shall not be greater than the
safety limit calculated for the wheel’s
flange angle (8) for 5 or more continuous
feet.

Net Axle Lateral
L/V Ratio

< O.4+5—‘Q
Va

51t

The net axle lateral force, in kips, exerted
by any axle on the track shall not exceed
a total of 5 kips plus 40 percent of the
static vertical load that the axle exerts on
the track for 5 or more continuous feet.

Va = static vertical axle load (kips)

Truck Side L/V
Ratio

5ft

The ratio of the lateral forces that the
wheels on one side of any truck exert on
an individual rail to the vertical forces
exerted by the same wheels on that rail
shall not be greater than 0.6 for 5 or more
continuous feet.

Carboedy Accelerations *

Parameter

Passenger
Cars

Other Vehicles

Requirements

Carbody Lateral
(Transient)

<0.65g peak-
to-peak

1 sec window”

excludes peaks
< 50 msec

The peak-to-peak accelerations,

<0.75¢g peak-to-
peak

1 sec window”

excludes peaks
<50 msec

measured as the algebraic
difference between the two
extreme values of measured
acceleration in any 1-second time
period, excluding any peak lasting
less than 50 milliseconds, shall not
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exceed 0.65g and 0.75g for
passenger cars and other vehicles,
respectively.

Sustained oscillatory lateral
acceleration of the carbody shall
not exceed the prescribed (root
. , | mean squared) safety limits of
Carbody Lateral | <0.10gRMS" | <0.12gRMS," | 0.10g and 0.12¢ for passenger cars
(Sustained 4 sec window® | 4 sec window® | and other vehicles, respectively.
Oscillatory) 4 sec sustained | 4 sec sustained | Root mean squared values shall be
determined over a sliding 4-
second window with linear trend
removed and shall be sustained for
more than 4 seconds.
The peak-to-peak accelerations,
measured as the algebraic
< 1.0g peak-to- | <1.25g peak-to- | difference between the two
Carbody peak peak extreme values of measured
Vertical 1 sec window® 1 sec window® | acceleration in any one second
(Transient) excludes peaks | excludes peaks | time period, excluding any peak
< 50 msec < 50 msec lasting less than 50 milliseconds,
shall not exceed 1.0g, or 1.25g, as
specified.
Sustained oscillatory vertical
acceleration of the carbody shall
Carbod . , | notexceed the prescribed (root
ody <0.25gRMS," | <0.25gRMS;" | mean squared) safety limit of
Vertical . 3 . 3
(Sustained 4 sec window 4 sec window” | 0.25g. Root mean squared vglges
Oscillatory) 4 sec sustained | 4 sec sustained | Shall be delf:rmmed overa sliding
4-second window with linear trend
removed and shall be sustained for
more than 4 seconds.
Truck Lateral Acceleration’
Parameter Safety Limit ‘5:::;‘;; Requirements
Truck hunting shall not develop below
the maximum authorized speed. Truck
2 sec hunting is defined as a sustained cyclic
window® oscillation of the truck evidenced by
Truck Lateral <0.30g RMS,* lateral accelerations exceeding 0.3g root
2 sec mean squared for more than 2 seconds.
sustained | g oot mean squared values shall be
determined over a sliding 2-second
window with linear trend removed.
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§213.335

The lateral and vertical wheel forces shall be measured and processed through a low

pass filter (LPF) with a minimum cut-off frequency of 25 Hz. The sample rate for wheel
force data shall be at least 250 samples per second.

2

Carbody accelerations in the vertical and lateral directions shall be measured by

accelerometers oriented and located in accordance with § 213.333(k).

3

Acceleration measurements shall be processed through an LPF with a minimum cut-

off frequency of 10 Hz. The sample rate for acceleration data shall be at least 100

samples per second.

* RMS, = RMS with linear trend removed.
Truck lateral acceleration shall be measured on the truck frame by accelerometers

5

oriented and located in accordance with § 213.333(k).
[63 FR 34029, June 22, 1998; 63 FR 46102, Aug. 28, 1998, as amended at 78 FR 16107, Mar. 13, 2013]

§213.334 Ballast; general.

Unless it is otherwise structurally
supported, all track shall be supported
by material which will—

(a) Transmit and distribute the load
of the track and railroad rolling equip-
ment to the subgrade;

(b) Restrain the track laterally, lon-
gitudinally, and vertically under dy-
namic loads imposed by railroad roll-
ing equipment and thermal stress ex-
erted by the rails;

(c) Provide adequate drainage for the
track; and

(d) Maintain proper track crosslevel,
surface, and alinement.

§213.335 Crossties.

(a) Crossties shall be made of a mate-
rial to which rail can be securely fas-
tened.

(b) Each 39 foot segment of track
shall have—

(1) A sufficient number of crossties
which in combination provide effective
support that will—

(i) Hold gage within the limits pre-
scribed in §213.323(b);

(ii) Maintain surface within the lim-
its prescribed in §213.331; and

(iii) Maintain alinement within the
limits prescribed in §213.327.

(2) The minimum number and type of
crossties specified in paragraph (c) of
this section effectively distributed to
support the entire segment; and

(3) Crossties of the type specified in
paragraph (c¢) of this section that
are(is) located at a joint location as
specified in paragraph (e) of this sec-
tion.

(c) For non-concrete tie construction,
each 39 foot segment of Class 6 track
shall have fourteen crossties; Classes 7,
8 and 9 shall have 18 crossties which
are not—

(1) Broken through;

(2) Split or otherwise impaired to the
extent the crossties will allow the bal-
last to work through, or will not hold
spikes or rail fasteners;

(3) So deteriorated that the tie plate
or base of rail can move laterally 3s
inch relative to the crossties;

(4) Cut by the tie plate through more
than 40 percent of a crosstie’s thick-
ness;

(5) Configured with less than 2 rail
holding spikes or fasteners per tie
plate; or

(6) So unable, due to insufficient fas-
tener toeload, to maintain longitudinal
restraint and maintain rail hold down
and gage.

(d) For concrete tie construction,
each 39 foot segment of Class 6 track
shall have fourteen crossties, Classes 7,
8 and 9 shall have 16 crossties which
are not—

(1) So deteriorated that the prestress
strands are ineffective or withdrawn
into the tie at one end and the tie ex-
hibits structural cracks in the rail seat
or in the gage of track;

(2) Configured with less than 2 fas-
teners on the same rail;

(3) So deteriorated in the vicinity of
the rail fastener such that the fastener
assembly may pull out or move lat-
erally more than 3% inch relative to the
crosstie;
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